The electronic structure of the bicyclo[3.2.l]octa-3,6-dien-2-yl anion (6), considered to be the prototype bishomoaromatic anion, was analyzed by semiempirical (MNDO) and ab initio (STO-3G) MO calculations. No evidence for homoaromatic stabilization (i.e., cyclic delocalization) was found. C-2-C-7 distances and Mulliken overlap populations between these carbons are almost identical in the 6~ anion 6 and the corresponding 457 cation 7. The calculated stabilization energy of anions 21 and 24 is similar to that of the alleged homoaromatic species 6 even though the orientation of the additional double bonds in 21 and 24 does not permit homoconjugative interaction with the allyl HOMO (eq 1, 3, 5 ) . The experimentally observed stabilizing effect of the C-6-C-7 double bond in 6 is due to an inductive effect. In general, homoaromatic stabilization is not expected to be an important phenomenon in anions.
STO-3G orbital energies for the four highest occupied M O s of 10 ( Figure 2 ) are within 6.4 eV, whereas the energy gap between the HOMO and the three LUMO's (Figure 3 ) is 10.3-13.0 eV. For carbonium ions, the energy of the empty p orbital is close to that of occupied orbitals so homoaromaticity is permitted. It might be questioned whether minimal basis set calculations underestimate mixings between occupied and virtual orbitals. Actually, they tend to overestimate such charge-transfer interactions. 28 At this point, it may be asked what is controlling the relative acidities of 1-5? One must be cautious in attempting to explain differences of only a few kilocaloriesfmole in M O terms. With this in mind some proposals may be considered. The most obvious possibility is inductive effects. With increasing unsaturation the u frameworks of the ions become more electronegative and better able to accommodate the negative charge. The effect is manifested in a general lowering of M O energies for the more unsaturated species. For example, the energy of the x2 HOMO decreases by 0.15 eV in going from 8 to 10 according to the STO-3G results.
It may also be noted that the M O coefficients show that xz mixes slightly with the ucc and QC* bond orbitals for the ClC7, ClC8, C5C6, and C5C9 bonds. This is indicated by the small contributions to the x2 M O at C6-C9 in Figure 2 . As the bridges become unsaturated, the ucc. and ucc* orbitals are lowered in energy which makes the mixings with xz less energetically unfavorable.
Finally, the preference for C,, symmetry in 10 is easily understood from the orbital analyses. Tilting the allylic fragment toward an ethylenic bridge increases the four-electron repulsion between A-and xi much faster than it increases stabilizing in- teractions between occupied and unoccupied orbitals. This effect has been corroborated by both MIND013 and STO-3G calculations.
Conclusion
An important finding in the present study is that reasonable relative acidities for alkenes can be obtained from minimal basis set ab initio calculations, particularly for structurally similar molecules. Furthermore, in view of the present results and other s t~d i e s ,~*~~~~~~~~ it is apparent that stabilization from homoaromaticity and bicycloaromaticity is not possible in neutral or anionic hydrocarbons. The molecules' occupied and unoccupied orbitals are well separated energetically. Consequently, their interaction cannot be realized without forcing geometrical distortions that yield too much loss of bonding or increases in four-electron repulsive interactions. Thus, homoaromaticity is found only for a small class of carbonium ions in which stabilization occurs by mixing the empty p orbital with properly oriented, high-lying, occupied A or u orbitals. Bicycloaromaticity, which is an enhanced form of homoaromaticity resulting from the presence of additional unsaturated bridges, is likely only relevant for the 7-norbornadienyl cation. Invocation of these effects outside of the restricted contexts described here should be viewed with great skepticism. 
Experimental Data
The ?r-delocalized intermediate 6b was first suggested by Brown and Occolowitz to account for the rapid base-catalyzed H/D exchange at C-4, 104.5 times faster in 8 than in 9.12 Similarly, rapid H-4 exchange was found for benzo [6, 7] stabilization in anion 12.16 On the other hand, H-6 and H-7 are 1.4 ppm more shielded in 12 than in 10, approximately half the effect observed for the "homoaromatic" anion 6. This suggested that effects other than homoconjugation might be responsible for the abnormal chemical shifts in 6.
Data for the corresponding cation (7) also do not provide conclusive evidence for interaction between the two ?r systems. The solvolysis of the p-nitrobenzoate 14 was 235 times slower than that of 13." Diaz, Sakai,
and Winstein considered the magnitude of the rate reduction to be "in line with" the expected antiaromatic character of the dienyl cation 7.
They pointed out, however, that the difference between the solvolysis rates might be due partially to the rate-retarding inductive effect of the second olefinic group in 14. Cyclodelocalization can be analyzed more directly in free radicals than in anions and cations; the coefficients of the singly occupied MO's can be derived from the proton coupling constants in the ESR spectrum.'* In addition, ions 19 and 21, derived from the triene 20, and ions 22 and 24, formed from 23, were studied. The exocyclic double bonds are arranged in these systems so that orbital symmetry enforces a different interaction pattern than in 6 and 7 ( Figure   1 ).
+2 of the allyl fragment is antisymmetric (Figure 1 ) and may interact with A* in 6 and 7 or with the antisymmetric orbital, r2, of the butadiene fragment in 19 and 21.
cannot interact with the A or a* orbitals of the exocyclic double bond in 22 and 24 ( Figure 1, right side) . Therefore, stabilization of anion 6 and of cation 19 but no stabilization of either cation 22 or anion 24 may be expected from symmetry considerations.
Computational Details. MND019 and ab initioZoa (with the minimal STO-3G basis set)21 procedures were used to evaluate the magnitude of these interactions. Complete geometry optimizations were carried out at the MNDO level; C, symmetry constraints were employed for the ions.22 These MNDO geometries were then used for the ab initio calculations with one change: all C-H bond lengths were set at 1.09 A instead of the larger MNDO values. In addition, we performed M I N D 0 / 3 calculations,' also with complete geometry optimizations, and singlepoint ab initio calculations (STO-3G) using the MIND0/3 geometries. Since the results were almost identical (deviations of AE's in eq 1-6 were less than 1 kcal/mol), they will not be included in this paper. MIND0/3 has previously been demonstrated to reproduce geometries of potentially homoaromatic systems very well!d,cJoc Therefore, we expected the semiempirical methods also to give reliable structures for the systems considered here. This assumption is supported by the agreement between the STO-3G stabilization energies based on semiempirical structures and the experimental stability order of 6 and 18 as well as of 7 and 17. Orbital drawings were carried out with Jorgensen's plotting programZob using the STO-3G wave functions.
Geometries. In homoaromatic ions like 1-4, geometrical distortions take place which increase interaction between the termini of the T system^.^ Such distortions indicate the presence of homoconjugative interactions.
However, the calculated MNDO geometries of the ions included in Table I do The presence of cyclic conjugation in 6 might be expected to lead to a reduction of C-2-C-7 distance relative to that in cation 7. However, the C-2-C-7 distance is only 0.003 A shorter in the 6~ system 6 than in the 4~ system 7. Analogously the C-2-C-7 distances in the other cations are only insignificantly different from those in the corresponding anions. Homoaromatic interaction is thus indicated to be unimportant in these ions.
Wave Functions. If cyclic conjugation occurs in 6, the antisymmetric allyl HOMO must be stabilized by admixture of the C-6-C-7 A* fragment. However, the appropriate p-orbital coefficients on C-6 and C-7 are negligible in the HOMO. A plot of the STO-3G wave function (Figure 2) shows this clearly. Slight interaction between the two systems in the ion may, however, be recognized in the LUMO which is primarily localized at C-6 and c-7.
The nonbonding orbitals of ions 6, 17, and 18 are also shown in Figure 2. A comparison of the HOMO'S of anions 6 and 18 with the L U M O s of cations 7 and 17 is revealing: they are virtually identical. The antisymmetric allyl A orbitals in these systems thus remain essentially unaffected by the presence or absence of additional double bonds.
Charge Distribution and Bond Orders. The results of Mulliken population analyses with STO-3G wave functions are shown in Table 11 . The charges on the allylic carbons C-2 and C-3 in 6 are not very different from those in the other anions 18,21, and 24. The charge reduction in 6 relative to 18 is only 0.026 electrons. Similar effects are also found for the cations 7, 17, 19, and 22, in which the allylic carbons bear nearly identical charges.
The greater shielding of the protons on C-6 and C-7 in 6 compared to those in 8 observed in the 'H N M R spectra'$ is partially reflected by the calculated charge distribution. There is a net increase of 0.05 electrons on C-6 and C-7 in 6 relative to neutral 8. However, a similar charge redistribution is seen in ions 21 and 24 as well: carbons 6, 7, and 9 in 21 and carbons 8 and 9 in 24 bear 0.05 and 0.03 more electrons, respectively, relative to their neutral counterparts. The charge polarization in these systems appears to be relatively insensitive to the orientation of the additional double bonds. Thus, the increased shielding of H-6 and H-7 in 6 does not necessarily imply the presence of cyclic delocalization.
Comparisons of the calculated C-2-C-7 and C-2-C-8 overlap populations in the different ions do not indicate any special stabilizing interaction in 6. On the contrary, the values are all small and negative and indicate weak antibonding interaction in all cases. In particular, the C-2-C-7 overlap population in 6 is nearly the same as that in the corresponding cation 7 (-0.043 vs. -0.041).
Energies. The energetic impact of the C-6-C-7 double bond in the ions 6 and 7 can be assessed by eq 1 and 2; the reaction enthalpies are obtained from the data in Table 111 . Whereas MNDO predicts eq 1 and 2 to be almost thermoneutral, the a b initio calculations indicate a stabilization (4 kcal/mol) of anion 6 relative to its saturated counterpart in agreement with the experimental data. Furthermore, the experimentally observed
-- destabilization of cation 7 by the C-6-C-7 double bond is also reproduced by the STO-3G calculations. We thus regard the STO-3G energies to be more reliable.
I--I --H
How can the stabilization of 6 and the destabilization of 7 be explained, even though we do not find any evidence for a interactions? Homoconjugative interactions may be present in 6 and 7 but are too small to be seen in the wave functions. Alternatively, the stabilization of 6 and the destabilization of 7 may be due to the inductive effect of the additional double bonds. The reaction enthalpies of eq 3-6 may be used to differentiate these two 
possibilities. In anions 21 and 24, the additional double bonds are orientated so that H O M e L U M O interactions with the allylic fragment are symmetry inhibited. Nevertheless, the stabilization found. We prefer to defer detailed analysis of possible effects in alleged homoaromatic cations to the next paper in this series where systems better constituted for favorable interactions of a fragments will be considered. Qualitative M O theory that does not consider the magnitude of the overlap is obviously not sufficient for predicting stabilizations through interactions of a fragments. It is likely that most of the systems that were thought to display aromatic stabilization on the basis of the symmetry properties of the fragment orbitals and the topology of their interactions9 do not do so because both the geometrical separation and the energy difference between the interacting ribbon orbitals are too large. In combination with of 24 is similar-in magnitude to that of 6 (eq 5); 21, with two exo double bonds, is stabilized to an even greater extent than 6 (eq 3). This demonstrates the owration of an inductive effect. Unlike previous conclusions that homoaromaticity does not exist in neutral moleculeslob and that monohomoaromaticity is not an important effect in anions,lk this work suggests that homoaromaticity may be restricted to cationic systems which can distort to increase the overlap of the interacting orbitals.
Conclusions

Introduction
The preparation by Pedersen2 of cyclic polyethers which form strong complexes with metallic ions has ushered in a new era in 1, 3, and 4) , having also two nitrogen heteroatoms available for coordination to the cation.
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